e increasing prevalence of overweight and obese children along with accompanying comorbidities has prompted an early acknowledgement of a healthy lifestyle. e purpose of this study was to examine the e ect of a teacher-centered, school-based intervention on cardiovascular disease (CVD) risk and health behavior in elementary school children.
Introduction
e prevalence of overweight and obesity has increased in many industrialized countries [ ], and obesity has already been declared as one of the leading threats for public health [ ]. Of particular concern is the increasing number of overweight or obese children and adolescents [ ], which has lead to the occurrence of various cardiovascular and metabolic disease risks that were previously only observed in adults [ ]. Further, overweight children are more likely to become overweight adults [ ] and, therefore, have an increased risk for all-cause mortality [ ]. In addition to the impact on individual health and quality of life, the increased risk for various chronic diseases associated with excess body fat puts a signi cant economic burden on the society [ ]. While physiologic and genetic aspects need to be considered, high energy intake and insu cient physical activity (PA) have been primarily emphasized as part of the problem [ ]. As lifestyle patterns are established at a young age and health behavior has been shown to track into adulthood [ ], primary prevention programs that promote su cient PA and healthy eating patterns at an early age are warranted. Children and adolescents have also been shown to be more responsive to health promotion programs [ ], which would result in a higher success rate of speci c interventions compared to adults who have di culties in adopting and adhering to a healthy lifestyle [ ].
School-based intervention programs have become popular as children spend a considerable amount of time in schools, and a large number of children from various cultural and socioeconomic backgrounds can be reached [ ]. Most intervention e orts have focused on rising awareness or changing attitudes and motivation towards physical activity, sedentary behaviour, and diet [ ]. Despite considerable e orts, the success of school-based interventions concerning health behavior or body composition, however, has been limited [ , ] . Kropski et al. argue that short intervention periods, as well as methodological issues including a lack of randomized controlled study designs, contribute to a lack of conclusive evidence regarding the e ectiveness of school-based interventions on weight-related outcomes [ ].
e focus on body weight or body composition as primary outcome, rather than on behavioral changes or other CVD risk factors, may also be problematic. Due to growth-related changes in body composition, especially around puberty, changes in body composition may not necessarily re ect intervention e ects adequately, and in a meta-analysis, Harris et al. did not show any di erence in BMI between control and physical activity intervention groups [ ]. Even though body composition a ects CVD risk [ ], other risk factors, such as blood pressure, cholesterol levels, or intra-abdominal fat, need to be considered [ ].
e focus of this study, therefore, was to examine the intervention e ects of a teacherimplemented intervention program on health behavior and CVD risk, rather than body composition.
Methods

. . Subjects.
irty-two schools with rst-and secondgrade classes in southwest Germany agreed to participate in URMEL-ICE (Ulm Research on Metabolism, Exercise and Lifestyle in Children). e study protocol was approved by the Ministry of Culture and Education of the state of Baden-Württemberg, Stuttgart as well as the institutional ethics committee and is in accordance with the declaration of Helsinki. A er ensuring participation, schools were randomly assigned to either the intervention or the one-year waiting-control group. Parental consent as well as child assent was obtained for ( %) elementary school children. e average age at baseline was 7.6 ± 0.5 years.
( intervention, control) children provided valid data at both measurement times, baseline and one-year follow-up. Due to missing data on various measurements, sample size, however, varies for individual analyses.
. . Intervention.
e intervention mapping protocol (IMP) [ ] was used to guide the program development. A major aspect of the program was the implementation of the intervention by regular classroom teachers, who were familiarized with the program via seminars prior to the beginning of the intervention. e intervention did not require additional time for physical education and was developed in cooperation with experienced teachers to be in accordance with the current curriculum to ensure the applicability of the materials in a normal classroom setting. Materials consisted of a total of teaching units per year ( -minutes each) and various short activities, which could be implemented in the classroom. Teachers were asked to provide in-class activity blocks per day, lasting -minutes each. Further, materials for parental information and family homework assignments were included to facilitate parental involvement. e homework assignments informed parents about the current health-related content taught in class and promoted an active engagement of parents in their children's leisure activities. Teachers were also provided with materials for parent-teacher meetings. e emphasis of the intervention was on behavior change, speci cally focusing on increasing PA, reducing screentime, and decreasing the consumption of sugar-sweetened beverages. A special emphasis was put on the promotion of healthy alternative behaviors such as active transportation and active play.
. . Anthropometrics. Measurements were taken during the fall of the school year prior to the intervention and again one year later. All measurements were performed in a similar fashion at baseline and follow-up. Anthropometric measurements were taken by trained sta from the outpatient clinic of Ulm Children's Hospital according to standard procedures with the children wearing only underwear. Using a stadiometer (Ulm Stadiometer, Busse Design, Ulm, Germany), height (cm) was measured to the nearest . cm and weight (kg) was measured to the nearest . kg using a balance beam scale (Seca, Hamburg, Germany). BMI was calculated (kg/m 2 ) and converted to BMI percentiles (BMIPCT) using German reference values [ ]. Overweight and obesity were subsequently determined at a BMIPCT above the th and th percentiles, respectively [ ].
. . CVD Risk. CVD risk was determined based on mean arterial pressure (MAP), the ratio of total cholesterol to HDL (TC : HDL), and intra-abdominal fat (IAF). Blood pressure was measured twice with the child in a seated position according to the guidelines of the National High Blood Pressure Education Program [ ]. MAP was calculated (MAP = diast. BP + 1/3 * syst. BP) using the mean of the two measurements. Blood samples obtained via venous puncture were processed shortly a er withdrawal. Following standard procedures, chemical analyses were performed to determine total cholesterol, HDL-cholesterol, and LDLcholesterol. IAF was assessed via sonographic measures of intra-abdominal depth using a . MHz convex transducer. Two to three measurements were performed by a single well trained technician with the child lying in a supine position following recommendations by Armellini et al. [ ]. Speci cally, measurements were taken along the linea alba at the height of the branching of the arteria mesenterica at the end of the expiration. An overall CVD risk score was calculated using principal component factor analysis including MAP, TC : HDL, and IAF, which resulted in a single factor (Eigenvalue = . ) that explained . % of the variance at baseline. Component loadings were . , . , and . for IAF, TC : HDL, and MAP, respectively. At follow-up, the Eigenvalue of the CVD risk score was . and explained . % of the variance. Component loadings for the follow-up CVD risk score were . , . , and . for IAF, TC : HDL, and MAP, respectively.
. . Health Behavior. Parental questionnaires were used to assess children's physical activity, sports participation, sedentary behaviour, breakfast habits, and the consumption of sugar-sweetened beverages. Questions were based on the KiGGS survey, which assessed health behavior in a representative sample of , German children and adolescents. e KiGGS questionnaire was developed based on expert evaluation of existing national and international studies and data sources [ ]. Speci cally, parents were asked about their children's participation in sports, time spent playing outside, and walking and active transport. Further, parents reported whether their child had breakfast prior to going to school, the consumption of sugar-sweetened beverages, and time spent watching TV and playing computer.
. . Statistical Analysis. Descriptive statistics were calculated and repeated measures ANCOVA, controlling for age and sex, were performed to assess time by intervention e ects on CVD risk. To control for the e ect of body composition on CVD risk, BMIPCT was added as a covariate in a second analysis. Further, di erences in CVD risk at follow-up were analysed via ANCOVA, controlling for sex, age, and baseline values. In addition, dependent -tests were used to examine changes over time in CVD risk and health behaviour in each group separately. For the categorical variables regarding health behaviour, odds ratios at follow-up, adjusted for sex, age, and baseline values, were calculated as well. Statistical analyses were performed using SPSS . with a signi cance level set at < 0.05 using Bonferroni adjustment for multiple analyses.
Results
ere were no di erences in age, BMIPCT, or CVD risk factors at baseline between children included in the analysis and those who did not provide data at follow-up. Table  shows the descriptive characteristics of the sample with data during baseline and follow-up, separately for the control and intervention groups. No sex di erences were shown for BMIPCT and CVD risk score at baseline and follow-up. Boys, however, had higher IAF, while girls had a higher TC : HDL ratio at both measurements. At baseline boys also displayed signi cantly higher MAP compared to girls.
Repeated measures ANCOVA, controlling for sex and age, did not show any signi cant results concerning BMIPCT. For the overall CVD risk score, a signi cant time by intervention e ect occurred (Wilks = . , F( , ) = . , < 0.01, partial 2 = 0.01) without signi cant main e ects for either time or intervention. Concerning individual CVD risk factors, a time by intervention e ect was shown for MAP (Wilks = . , F( , ) = . , < 0.01, partial 2 = 0.02) and IAF (Wilks = . , F( , ) = . , = 0.04, partial 2 = 0.01). ere were no main e ects for the intervention in any of the CVD risk factors, but there was a signi cant main e ect for time for IAF (Wilks = . , F( , ) = . , < 0.01, partial 2 = 0.01). Results were similar for MAP and TC : HDL ratio a er additionally controlling for BMIPCT. For IAF, however, the time by intervention e ect was no longer present, but main e ects were observed for time (Wilks = . , F( , ) = . , = 0.04, partial 2 = 0.01) as well as intervention (F( , ) = . , < 0.01, partial 2 = 0.01). IAF increased signi cantly over time, and even though values were higher in the intervention group during baseline and follow-up, the di erence became less pronounced at follow-up ( Figure ) . Similar to the repeated measures ANCOVA, no di erence in BMIPCT was observed at follow-up when controlling for sex, age, and baseline BMIPCT. e control group, however, displayed a signi cantly higher total CVD risk score, a er controlling for sex, age and baseline CVD risk (F( , ) = . , = 0.02, partial 2 = 0.01). is result, however, was no longer signi cant a er additionally controlling for BMIPCT. Regarding individual CVD risk factors, only MAP was signi cantly higher in the control group compared to the intervention group when controlling for sex, age, and baseline values (F( , ) = . , < 0.01, partial 2 = 0.01), and this result remained a er additionally controlling for BMIPCT. Analysing changes in the control and intervention groups separately over time, an increase in MAP was shown in the control group (t( ) = − . , < 0.01) while MAP remained stable in the intervention group. IAF and BMIPCT increased in both groups ( < 0.01) while no signi cant change in TC : HDL ratio occurred in either group. Overall CVD risk, however, decreased signi cantly in the intervention group (t( ) = . , = 0.02), while it increased in the control group (t( ) = − . , = 0.05).
Regarding health behaviour, a signi cant reduction in the consumption of sugar-sweetened beverages from baseline to follow-up was observed in the intervention group (t( ) = . , < 0.01), while no change occurred in the control group. Sports participation declined in the control group (t( ) = . , < 0.01), while it remained stable in the intervention group. Time spent playing outside, on the other hand, was reduced in the control as well as the intervention groups ( < 0.01). Nevertheless, children in the intervention group displayed a higher odds ratio for playing outside at follow-up when controlling for sex, age, and baseline values (Table ) . ey also had reduced odds for regular consumption of sugar-sweetened beverages. For sedentary behaviour, an increase in TV time occurred in the control group (t( ) = − . , = 0.04) but not in the intervention group. Time spent on the computer increased in both groups ( < 0.01). Odds ratios for sedentary behavior were not signi cant, but a trend towards a lower odds ratio for high sedentary behaviour was observed in the intervention group (Table ) .
Discussion
Even though e ects were relatively small, the results of this study indicate that a teacher-implemented intervention, which emphasizes parental involvement, has the potential to a ect health behavior and reduce CVD risk. Despite a lack of e ect on body composition, the intervention reduced CVD risk in these elementary school children. Speci cally, an attenuation in the age-related increase in MAP was observed.
ere was also an attenuation of the age related decline in habitual sports participation in the intervention group.
Further, a decline in the consumption of sugar-sweetened beverages was observed in the intervention group resulting in reduced odds for regular consumption of sugar-sweetened beverages following intervention. e results also indicate a positive e ect on sedentary behavior as TV time only increased in the control group. Even though both groups increased their time spent on the computer, the increase was smaller in the intervention group.
Sahota et al. did not report an e ect of school-based health promotion programs on body composition either, which was explained by the duration of the intervention [ ].
ese authors argue that, despite a successful implementation in schools, an intervention period of one year would not be long enough to expect any signi cant changes in BMI. Other studies, however, reported signi cant e ects with obesity It should also be considered that body weight is not the only CVD risk factor. At this time, however, only limited research on the e ect of school-based interventions on other markers of CVD risk is available. Naylor and McKay showed a reduction in CVD risk and an increase in bone health with the implementation of active breaks during regular class time [ ], and other studies showed that school-based interventions can attenuate the age-related increase in MAP in children and adolescents [ -] , which is consistent with the ndings of the present study. Results of the present study support this argument as children in the intervention group were able to maintain their habitual sports participation and TV time, while children in the control group increased their TV time and reduced their PA. In addition, a reduction in the consumption of sugarsweetened beverages was reported, which has been shown previously as well even if no change in the intake of fruits and vegetables was observed [ ]. Including the community as well as the family in a school-based intervention did result in an increase in fruit and vegetable consumption in addition to a decline in screentime [ ]. Providing information on the caloric content of sugar-sweetened beverages in stores rather than education in schools was also successful in reducing the consumption of sugar-sweetened beverages in adolescents [ ].
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e lack of consistent results on e ects of school-based interventions to promote health behavior may partially be due to di erent intervention protocols but could also be a result of di erences in the assessment of the variables of interest. Due to the young age of the participants, the present study relied on parent report, which could lead to biased results. As parents knew about the goal of the intervention, they might have responded in a more socially desirable way. It is, however, unlikely that only parents of the intervention group displayed such a desirability bias [ ]. Even though only limited information on actual parental involvement in the present study is available, parental involvement could be an important aspect in the establishment of a healthy lifestyle in children. Participation in the family homework assignments and knowledge gained via parent-teacher meetings may even provide some bene ts for the parents themselves.
In contrast to the subjective report on health behavior, indicators for CVD risk were assessed objectively, and results indicate the potential for a reduction of CVD risk with a teacher-centred intervention. A er one year of the intervention, e ects were only shown for MAP, but a prolonged engagement in the intervention may result in further positive ISRN Public Health e ects on markers of CVD risk. Since the intervention was incorporated in the regular curriculum and delivered by the classroom teacher, it should be sustainable over a prolonged period of time [ ]. While higher-dose interventions potentially yield more pronounced results in the short term, they may not allow for long-term sustainability. Long-term interventions involving the parents in addition to educational and environmental adjustments in the school, however, are suggested to ensure a healthier overall lifestyle that would track into adolescence and possibly even adulthood [ ]. It should also be mentioned that the reduction in educational minutes due to active breaks does not a ect academic performance in children [ ]. Activity breaks in the educational setting have actually been shown to increase academic performance [ ] and positively a ect children's attention [ ], which should increase the adherence of teachers who are implementing the intervention program.
Conclusions
In conclusion, results of the present study show a modest e ect on CVD risk and health behavior in elementary school children. As the intervention was incorporated by the classroom teacher within the regular curriculum, a prolonged engagement beyond the evaluation period should be possible, and the sustainability of this program throughout the entire elementary school period could have more pronounced e ects in the long term, possibly in uencing BMI and overweight or obesity rates [ ]. In an international review Dobbins et al. concluded that school-based interventions positively a ect sedentary behavior, aerobic tness, and blood cholesterol, despite a lack of evidence for positive e ects on body composition [ ]. Even though results of the present study are promising, it should be considered that no single intervention ts all schools, and programs should be adjusted according to the target population [ ]. Girls, for example, are more responsive to educational interventions, while boys show a better response to structural and environmental changes that facilitate increased physical activity or a healthier diet [ ]. Not surprisingly, participants who are more engaged in the intervention have been shown to display better results [ ]. Intervention strategies, therefore, need to consider the needs and requirements of the target population to be successful. Independent of the chosen intervention strategy, the sustainability of the intervention program over a prolonged period of time is a crucial aspect to ensure clinically relevant changes that can be maintained beyond the intervention period. A teacher-implemented health promotion program is one approach to address the growing problems associated with a sedentary lifestyle and poor diet choices in elementary school children. 
